Sargassum C. Agardh is one of the most diverse genera of marine macroalgae and 23 commonly inhabits shallow tropical and sub-tropical waters. This study aimed to investigate the 24 effect of seasonality and the associated water quality changes on the distribution, canopy cover, 25 mean thallus length and the biomass of Sargassum beds around Point Peron, Shoalwater Islands 26 Marine Park, Southwest Australia. Samples of Sargassum and seawater were collected every three 27 months from summer 2012 to summer 2014 from four different reef zones. A combination of in situ 28 observations and WorldView-2 satellite remote-sensing images were used to map the spatial 29 distribution of Sargassum beds and other associated benthic habitats. The results demonstrated a 30 strong seasonal variation in the environmental parameters, canopy cover, mean thallus length, and 31 biomass of Sargassum, which were significantly (P < 0.05) influenced by the nutrient concentration 32 (PO4 3-, NO3 -, NH4 + ) and rainfall. However, no variation in any studied parameter was observed 33 among the four reef zones. The highest Sargassum biomass peaks occurred between late spring and 34 early summer (from September to January). The results provide essential information to guide 35 effective conservation and management, as well as sustainable utilisation of this coastal marine 36 renewable resource.
Loveland, CO, USA) with the cadmium reduction method (Method 8171) and diazotization method 166 (Method 8507), respectively (APHA 1998) . Phosphate (PO4 3-) concentration was analysed by 167 Ascorbic acid method (Standard Method 4500-PE) and ammonium (NH4 + ) was determined by 168 using Aquanal ™ test kits (Sigma-Aldrich ® , Germany) (see Table 1 for the list of symbols and 169 acronyms).
171
Satellite remote-sensing data and processing 172 WorldView-2 satellite images at a 2-m spatial resolution were acquired on 7 February 2013 173 (austral summer), which was a period of high biomass and areal extent of Sargassum beds. Satellite 174 remote-sensing WV-2 images were adjusted to pseudo-color composite images prior to the 175 classification process, to enhance the image contrast to detect the Sargassum beds. 176 The acquired WV-2 images from DigitalGlobe ® were registered into Georeferenced−the 177 global geodetic system 1984 for latitude and longitude. The ground−truth data were acquired and 178 confirmed using in situ field checks from five survey trips in 2013 and 2014. The ENVI ® 4.7 179 environment for visualizing images was used to mask out the land area that was not used for 180 classification at the study area (ENVI 2014). Method of K-means unsupervised classification was 181 employed for image classification as it is the most commonly used classifier in reef studies 182 (Benfield et al. 2007 , Hoang et al. 2015 . A toolbox in ENVI ® 4.7 was employed for the 183 classification and to count the number of pixels of the WV-2 satellite image that was used to detect 184 the distribution of Sargassum beds. After classification, the data were converted from raster to 185 vector format and were edited in geographical information systems software packages. The 186 complete diagrammatic processing imagery is presented in Figure 2 . 204 The analysis of air temperature over the three study years (2012) (2013) (2014) indicates that the 205 monthly mean temperature was highest in the summer months (December to February).
RESULTS

203
Temporal variation in environmental conditions
206
Temperatures then decreased in autumn (March to May) and were lowest in winter (June to 207 August) and finally increased in spring (September to November). In the summer months, the 208 maximum monthly mean temperature reached 28.2 ± 0.6 o C and in autumn, it reached 24.1 ± 0.9 o C.
209
In winter and spring, the maximum monthly mean temperatures were 18.5 ± 0.2 and 21.7 ± 1.3 o C, 210 respectively. In 2012, the mean air temperature reached a maximum in January (30.5 o C) and was 211 lowest in July (9.9 o C) ( Fig. 3a ).
212
Sea surface temperatures also showed a seasonal pattern, with values ranging from 12.9 to 213 24.1 o C. There were significant (ANOVA, F(9, 37) = 551.23, P < 0.001) differences in SSTs 10 between the seasons, except for between winter and spring ( Fig. 3a ). Rainfall and PAR usually 215 showed an inverse pattern and both showed a strong seasonal variation. The PAR reached the 216 highest value in the summer at 58.5 ± 1.5 Einstein m -2 d -1 (a maximum in December 2013 of 63.2 217 Einstein m -2 d -1 ). Although the monthly rainfall was only 2.6 mm, mean summer rainfall was 11.9 ± 218 6.4 mm. In contrast, the PAR was the lowest in the winter months at 22.8 ± 3.6 Einstein m -2 d -1 219 (17.5 Einstein m -2 d -1 in June 2013) and the highest mean rainfall of 95.5 ± 11.9 mm was reached in 220 winter (the maximum value of 151.6 mm was in September 2013 ( Fig. 3b ).
221
Seawater salinity in the study area ranged from 35.4 to 36.5 among the seasons, but the 222 differences were not significant (ANOVA, F(9, 37) = 1.43, P = 0.224). The electrical conductivity 223 of seawater in the study area also differed significantly between the sampled seasons (ANOVA, 224 F(9, 37) = 17.01, P < 0.001), with conductivity values ranging from -98.87 to -65.87 ECs.
225
Dissolved oxygen (ANOVA, F(9, 37) = 30.05, P < 0.001) and pH (ANOVA, F(9, 37) = 3.32, P = 226 0.007) were significantly different between the seasons and ranged from 5.39 to 8.27 mg L -1 , and 227 7.82-8.21, respectively (Table 2) . concentration reached its highest value in spring 2014 (0.48 ± 0.06 mg L -1 ) and lowest value in 234 summer 2013 (0.02 ± 0.001 mg L -1 ). The concentration of ammonium (NH4 + ) during the study 235 period ranged from 0.6-2.0 mg L -1 and that of phosphate (PO4 3-) ranged from 0.08-0.72 mg L -1 and 236 reached the highest value in spring 2014 and lowest value in summer 2013. In general, the nutrient 237 concentrations were lowest in autumn and highest in spring throughout the study period (Table 3) .
239
The mean values of Sargassum CC in the selected quadrats at the four sites were higher 241 during the warmer months (spring and summer) than in the cooler months (autumn and winter). The 242 mean value of Sargassum CC for the whole area was highest (91.7 ± 2.6 %) in spring 2014 and was 243 lowest (29.7 ± 10.1 %) in autumn 2013 at all sites. Thus, a two-way ANOVA revealed that both 244 seasons and reef sites did affect the Sargassum CC which differed significantly between sampling 245 seasons (ANOVA, F(9, 26) = 9.88, P < 0.001) and reef sites (ANOVA, F(3, 26) = 5.86, P = 0.03) 246 from spring 2012 to summer 2014 (Fig. 4a ).
248
The mean length of Sargassum thalli 249 The mean length of the seasonally harvested Sargassum thalli from randomized quadrats at 250 each site is shown in Figure 5 . The longest thalli were found in months with higher temperatures 251 (summer 2013 and spring to summer 2014). The MTL for all sampling sites was highest in spring 252 2014 (53.5 ± 9.6 cm). In a similar pattern of coverage, the MTL was also lowest in the cold months, 253 when the mean length ranged from 11.5 ± 1.5 cm and 13.6 ± 0.7 cm for autumn 2013 and 2014 254 winter, respectively (Fig. 4b) .
255
In terms of spatial distribution, the BR sites had the longest Sargassum thalli during all 256 seasons (31.3 ± 4.7 cm). The height of Sargassum thalli in the FR averaged 28.4 ± 6.9 cm in all 
